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INTRODUCTION
Climate change is projected to not only result in changes in mean climate but also to exacerbate temporal variation in precipitation and temperature (Coumou and Rahmstorf 2012 , Thompson et al. 2013 , Garcia et al. 2014 , pressing the need for a better understanding of temporal variation in ecosystem processes (Wolkovich et al. 2014) . At broad timescales, the importance of longterm studies in climate change ecology has been generally recognized, and an increasing number of multi-year or multi-decade studies on the impacts of seasonal or annual variation in mean climate have been conducted (e.g., Greenville et al. 2012 , Pascual et al. 2015 , He et al. 2017 ). Many key ecological processes, however, are operating at basal, fine timescales (Hastings 2004) , and are highly responsive to short-term, even daily variation in temperature and precipitation (Touchon and Warkentin 2009 , Wright et al. 2015 , CaraDonna et al. 2017 . Understanding variation in such ecological processes would thus require studies at fine timescales (Wolkovich et al. 2014) . Such studies are necessary to distinguish the importance of high-order climatic factors (e.g., discrete rain events and coldest day of a year), and can also help to understand critical ecological processes, such as sudden, catastrophic ecosystem die-offs and their recovery (Scheffer et al. 2009 , Carpenter et al. 2011 .
A fine-timescale perspective is especially important for a deeper understanding of the impacts of consumers on vegetation dynamics in the face of increasing temporal variation in climate. It has been widely documented that during climatic anomalies, consumer pressure can be amplified and interact with climatic stress to impair vegetation (e.g., trees and grasses) in ecosystems (Silliman et al. 2013) . Such consumer-climate interactive processes have been observed to generate massive vegetation die-offs in all of Earth's biomes (McDowell et al. 2011 , He et al. 2017 . Consumer-climate interactive processes can also affect or suppress vegetation recovery following initial die-offs, altering the trajectory of ecosystem changes at longer timescales Silliman 2012, He et al. 2017) . In either case, although the roles of seasonal, annual, or decadal variation in climate in mediating the impacts of consumers (Brown and Shine 2007 , Pascual et al. 2015 , He et al. 2017 ) have been repeatedly reported, how fluctuations in weather affect the impact of consumers on vegetation dynamics is relatively less studied, despite the fact that many consumers are highly sensitive to variation in precipitation and temperature (Touchon and Warkentin 2009) .
Here, we provide a multi-timescale investigation into the impact of consumers on salt marsh vegetation recovery following a large-scale die-off event. Vegetation dieoff has been reported to occur under climate change across a global range of coastal wetlands (Osland et al. 2014 , Duke et al. 2017 , Lovelock et al. 2017 Gabler et al. 2017) , which can be exacerbated by strong top-down effects of consumers, such as snails, crabs, and geese (He et al. 2017) . The 1999-2001 drought in the southeastern United States, for example, was found to intensify snail grazing on salt marsh vegetation, which contributed to the die-off of salt marshes across 1,500 km of coastline (Silliman et al. 2005) . More recently, a severe spring drought that hit temperate China in 2011 acted in combination with plant-killing crabs to eliminate salt marsh vegetation (He et al. 2017; Fig. 1a ). This drought has been further found to have a legacy effect (sensu Anderegg et al. 2013 ); after the drought ended, grazing by crabs ( Fig. 1b ) concentrated on remaining plant patches and continued to suppress vegetation recovery for years, leading to the formation of persistent salt barrens devoid of vegetation (He et al. 2017) . Strong grazing impacts in dry seasons/years are apparently contrary to the fact that many animals in coastal habitats are often inactive when it is dry (to avoid desiccation stress; Bertness 1981 , Sanford 2002 . Resolving this paradox would require an understanding of how grazing impacts vary with weather condition at fine timescales. In all the past studies, however, the impact of grazers was simply estimated as an annually aggregated impact at the end of the growing season, and a fine-timescale understanding of its variation with weather is not available.
In this study, using a series of grazer exclusion experiments conducted in different periods of rains scattered over a generally dry spring season, we first examined how fluctuations in weather affect the impact of grazing crabs, a prominent consumer in many coastal habitats Silliman 2015, 2016) , on salt marsh plant reestablishment in die-off areas following the 2011 China drought. To assess the relative importance of spring grazing vs. summer grazing in vegetation recovery, we further conducted grazer exclusion experiments and compared the strength of grazing impact between spring and summer seasons. Specifically, we tested the following hypotheses: (1) the effect of grazing on salt marsh plant establishment in die-off areas strongly varies with fluctuations in weather and is stronger on rainy days (when salt marsh grazers are supposed to be more active) than during dry periods (when salt marsh grazers often stay in shelters [e.g., burrows] to avoid desiccation stress); (2) the cumulative impact of grazing over rainy days across the generally dry, spring season (when plant seedlings are establishing) more critically suppresses plant survival than across the summer season (when plants become established and tolerant of grazing). Our study tests how top-down control of vegetation recovery by consumers varies with fluctuations in weather and how a fine-timescale perspective can help understand variation in the impact of consumers on vegetation dynamics with climate at longer, seasonal and annual timescales.
METHODS

Study site
Field work was conducted in a high marsh in the Yellow River Delta (37°46 0 N, 119°09 0 E), a protected salt marsh in temperate coastal China . The study site has a temperate monsoonal climate, with a long-term mean annual precipitation of 597 mm and an annual mean temperature of 12.9°C (Li et al. 2009 ). Soil salinity varies greatly, depending on factors including marsh elevation and precipitation, and it can be twice higher in drought than in non-drought years (detailed in He et al. 2017 ). The vegetation is dominated by Suaeda salsa (L.) Pall., an annual succulent known to be highly tolerant of salinity and water stresses (He et al. , 2017 . Despite its high salinity and water stress tolerances, S. salsa is susceptible to grazing by the herbivorous crab Helice tientsinensis Rathbun that is abundant in the salt marsh . Sueada salsa vegetation at our study site dramatically declined following an extreme drought in spring 2011 (see Text S1 in He et al. 2017 for a brief historical perspective regarding these die-off events). While the drought itself had only moderate effects on S. salsa plants, grazing by crabs eliminated drought-weakened plants and continued to suppress vegetation recovery for years after the drought ended. As a result, the current state of our study site is generally an expansive salt flat ( Fig. 1a ). Although crab abundance also declined following the drought, some crabs (on average 2-3 burrows/m 2 ) were able to persist in the bare flat. This effect of grazing in restricting vegetation recovery has been shown to be generally consistent across multiple sites in northern China (He et al. 2017) .
Our study was mainly conducted between May and August 2013, two years after the 2011 drought ended (He et al. 2017) . During the study period, total precipitation over the dry (May-June) and wet (July-August) seasons ( Fig. 2a ) was 119.3 and 553.5 mm, mean daily temperature was 21.9 AE 3.8°C and 27.2 AE 2.2°C (mean AE SD), and mean daily relative humidity was 60% AE 13% and 75% AE 10%, respectively. Daily precipitation data were collected using a rain gauge (WatchDog 1120 Data-Logging Rain Gauge; Spectrum Technologies, Aurora, Illinois, USA) installed 1.5 m above the ground and~300 m east of our study site. Daily mean temperature and relative humidity data ( Fig. 2b ) at the nearest weather station (37.6236°N, 119.0620°E) were obtained from National Centers for Environmental Prediction (available online). 7 The weather station,~19 km south of our study site, was also located on the coast. In contrast to precipitation that may vary considerably spatially, temperature and relative humidity are more spatially homogeneous (Hubbard 1994) . Additionally, high marshes at our study site are seldom flooded by tides, especially in late spring and summer when winds from the south prevent tidal waters from reaching upper elevations of the north-facing salt marsh.
Variation with weather
To examine how the impact of grazing on plant establishment in vegetation die-off areas varies with weather, we conducted a S. salsa transplant and grazing exclusion experiment ( Fig. 2a) , where 60 S. salsa transplants were randomly assigned to spring grazing treatments (n = 40 in total, 10 of which were randomly exposed to grazing in each of four different periods of rain), summer grazing treatments (n = 10; see Seasonal variation: Short-term effects), and permanent grazing exclusion treatments (n = 10). Suaeda salsa transplants were soil blocks (10 cm diameter, 10 cm depth; containing >20 S. salsa seedlings), excavated in an adjacent (<100 m) vegetated area, and translocated into the die-off area (spaced > 2 m apart) in mid-May 2013. We used transplants, as S. salsa natural recruitment in the die-off area was sparse and was often damaged by crabs ( Fig. 1) , and transplants are widely used in restoration efforts to recover vegetation in salt marshes (see He et al. 2017) .
All the transplants were initially covered with a grazing exclusion cage (40 cm tall) made of galvanized hardware mesh (7-mm mesh size) and held by a PVC pipe. The 10 transplants assigned to permanent grazing exclusion treatments were also covered with a belowground grazing exclusion cage (10 cm deep) to limit crab access through burrowing that could occur over a long period (note that we did not include cage controls here; our prior experiments at the same study site found no experimental artifact of cages of the same design; He et al. 2017) . The surviving plant seedlings in each transplant during the first week were thinned to 10 individuals of similar size (3-6 cm high) for standardization. Ten of the 40 transplants assigned to spring grazing treatments had their aboveground grazing exclusion cages removed on 21 May (three days after a rain ended; hereafter the first postrain experiment), 25 May (the day before a forecasted rain; hereafter the during-rain experiment), 29 May (two days after the forecasted rain ended; hereafter the second post-rain experiment), and 4 June (after a one-week period without rain; hereafter the dry period experiment), respectively. The number of surviving seedlings in each transplant was counted two days and four days later. We used survival as the response variable, as (1) no new emergence was observed and (2) crabs often ate the entire aboveground part of small S. salsa seedlings ( Fig. 1b ; .
To examine whether the impact of grazing on plant survival varies between different periods of rain, we first computed relative increases in plant mortality in grazing treatments vs. permanent grazing exclusion treatments as (100 À N C 9 100/N E ), where N C is the number of plant survivors in a grazing treatment and N E is the average number of plant survivors in the 10 permanent grazing exclusion treatments. Differences in the impact of grazing among different periods of rain were examined using nonparametric multiple comparisons (Dunn's test with joint rankings) and Tukey HSD multiple comparisons for the two-day and four-day assessments, respectively (Borenstein et al. 2009 ). In addition, we used least squares regressions to test whether the impact of grazing in different periods of rain varies as a continuous function of daily-averaged temperature and relative humidity. All the statistical analyses in this manuscript were conducted using JMP 10 (SAS Institute, Cary, North Carolina, USA).
Seasonal variation: Short-term effects
To assess the relative importance of spring grazing vs. summer grazing in vegetation recovery in die-off areas, we first conducted short-term experiments testing impacts of crab grazing in spring (4-18 June) and summer (17 July-5 August) periods, respectively, in 2013 ( Fig. 2a ). To replicate the treatment "season" in another year, we carried out similar S. salsa transplant and grazing exclusion experiments in spring and summer periods, respectively, in 2018.
For the spring experiment in 2013, we continued to monitor the number of plant survivors in each of the transplants in the dry-period experiment described above (initially released to crab grazing on 4 June) every two to four days until all plants in these treatments vanished on 18 June. For the summer experiment, the 10 transplants assigned to summer grazing treatments had their cages removed on 17 July. We then counted the number of plant survivors in each of these transplants, as well as in each of the 10 permanent grazing exclusion treatments, periodically for four times until 5 August. In both experiments, we also counted the total number of leaves in each transplant and measured the height of three randomly selected plants in each transplant while the number of plant survivors was counted.
For the 2018 S. salsa transplant and grazing exclusion experiments, S. salsa transplants (n = 24 in total) and crab grazing treatments were established in May, using the same procedure as described above for the 2013 experiments, except that (1) the spring and summer grazing experiments were both run for 10 days (24 May-3 June and 17-27 July, respectively) and (2) in both experiments each treatment was replicated eight times.
To test whether the impact of grazing on plant survival differs between spring and summer seasons in each year, we first computed relative increases in plant mortality in grazing treatments vs. permanent grazing exclusion treatments in each season using the equation given above and then divided these data by experimental duration (14 and 19 d for the spring and summer season experiments in 2013, and 10 and 10 d in 2018, respectively) to estimate daily-averaged effects of grazing. Similarly, for the 2013 experiments, we estimated daily-averaged number of plant leaves lost to grazing as the difference between grazing and permanent grazing exclusion treatments divided by experimental duration. To test for differences between spring and summer seasons, data of daily-averaged impacts of grazing on plant mortality and plant height were analyzed using Wilcoxon tests, and data of number of leaves lost to grazing ([x + 4] 2 transformed) were analyzed using one-way ANOVAs. Since the summer experiment in 2013 had much fewer plants that died of grazing but lasted for a longer period than did the spring experiment (see Results), this spring vs. summer comparison was conservative.
Seasonal variation: Season-long effects
To examine the cumulative impact of grazing on plant establishment in vegetation die-off areas across the entire spring vs. summer, we further conducted a S. salsa transplant and grazing exclusion experiment in 2013 ( Fig. 2a ). In this experiment, S. salsa transplants (n = 16 in total) were randomly assigned to grazing exclusion treatments (n = 8) and control treatments (n = 8), respectively, in the spring and half of the 8 transplants assigned to grazing exclusion treatments in the spring were exposed to grazing in the following summer. The S. salsa transplants were soil blocks (15 cm diameter, 10 cm depth) containing naturally dense S. salsa seedlings excavated from a well-vegetated area, and two of the soil blocks were translocated into each of eight 1 9 1 m plots (spaced > 2 m apart) in the die-off area in early May. Given the longer duration of these experiments, S. salsa transplants of a larger size were used here than in the short-term experiments. One of the two transplants in each plot was initially assigned to grazing exclusion and control treatments, respectively.
Transplants assigned to grazing exclusion treatments were caged belowground (15 cm diameter, 20 cm depth) and aboveground using plastic mesh (15 9 15 9 30 cm) held together by iron-bar frames, while those assigned to control treatments were uncaged and open to crab grazing. At the end of the spring season in late June, the number of plants in each transplant was counted. Then, we randomly selected four transplants assigned to grazing exclusion treatments in the spring and removed their cages to examine the impact of grazing in the summer. In late August, the number of plants in each transplant was counted again, and plants in each transplant were harvested, oven-dried at 60°C for 48 h, and weighed.
Differences in the number of plants per transplant between different grazing treatments were analyzed with a paired-sample Wilcoxon test (spring) and a Wilcoxon test (summer), respectively. To more straightforwardly compare the strength of the grazing impact between spring and summer seasons, we further computed relative differences in the number of plants in grazing exclusion vs. control treatments in each season similarly using the equation given above (except that for the spring experiment, N E is the number of plants in a paired grazing exclusion treatment). These data were then analyzed for differences between seasons using a Wilcoxon test (to address the issue of unequal sample size). Additionally, we analyzed differences in plant biomass per transplant and plant biomass per plant survivor (a measure of plant size) between different grazing treatments using one-way ANOVAs.
RESULTS
Variation with weather
During the generally dry spring, the impact of grazing on plant survival differed significantly among different periods of rain. Over a two-day period, grazing-driven plant mortality (1) was weak in the first post-rain experiment, (2) did not significantly differ from zero in the during-rain experiment, (3) was highest (~70%) in the second post-rain experiment, and (4) largely waned in the following dry-period experiment (df = 3, v 2 = 16.28, P = 0.0010; Fig. 3a ). The results were generally consistent when the impact of grazing was analyzed over a four-day period (df = 3, 36, F = 7.49, P = 0.0005), except that in the during-rain experiment the impact of grazing on plant mortality became significant and strong, due to intense grazing over the third and fourth days when the two-day rain ended (Fig. 3a) . Despite minimal grazing-driven plant mortality in the dry-period experiment, continuing this experiment over a longer period consistently showed that grazing-driven plant mortality elevated following the first rainfall that this experiment encountered (Fig. 3b) . As a result of this intensified grazing pressure, nearly 100% of plants in transplants open to crab grazing vanished in the following few days.
The strength of the grazing impact was also negatively correlated with temperature. Daily mean temperature was highest in the dry-period experiment and was lowest in the during-rain experiment (Appendix S1: Fig. S1a ). Across all the above experiments, the strength of the grazing impact on plant mortality significantly decreased with increasing temperature (Appendix S1: Fig. S2 ). Although daily mean relative humidity was higher in the during-rain experiment than in the dry-period experiment and the two post-rain experiments (Appendix S1: Fig. S1b ), no significant relationship with relative humidity was found (Appendix S1: Fig. S2 ). These relationships with temperature and relative humidity were consistent when the impact of grazing was analyzed over a two-day period and a four-day period (Appendix S1: Fig. S2 ).
Seasonal variation: Short-term effects
In the summer when rain occurred frequently without clear dry and wet periods, the effect of grazing on plant survival was still significant, with~50% of plants being killed by crabs over a 19-d period (Fig. 3c) . However, the strength of the grazing impact was much stronger in the spring than in the summer (df = 1, v 2 = 16.61, P < 0.0001; Fig. 3d ). Although plants were much larger and taller in the summer than in the spring (this reflects their sizes naturally), rate of plant leaf loss to grazing did not vary significantly with season (df = 1, 18, F = 2.80, P = 0.11) (Appendix S1: Fig. S3 ). Replicating the spring vs. summer experiments in 2018 showed consistent results. The strength of the grazing impact was much stronger in the spring than in the summer (df = 1, v 2 = 11.24, P = 0.0008), with crabs killing, on average, 9.47% AE 0.36% of plants per day in the spring but only 2.00% AE 1.10% of plants per day in the summer.
Seasonal variation: Season-long effects
Experiments lasting the entire spring and summer seasons, respectively, consistently demonstrated that the impact of grazing on plant survival was far stronger in spring than in summer (df = 1, v 2 = 8.41, P = 0.0037; Fig. 4a ). In the spring experiment where plants were exposed to grazing in May and June, while plants in grazing exclusion treatments thrived, those in control treatments open to grazing nearly completely vanished. By contrast, in the summer experiment where plants once protected from grazing in the spring were released to grazing in July and August, although the impact of grazing on plant survival was also significant (df = 1, v 2 = 5.33, P = 0.0209), a considerable number of plants survived in control treatments open to grazing (Fig. 4b) . At the end of the summer experiment, plant biomass in control treatments was also significantly lower than in grazing exclusion treatments (df = 1, 6, F = 60.45, P = 0.0002; Fig. S4a ), though plant survivors were generally larger and had much higher biomass in control treatments than in grazing exclusion treatments (df = 1, 6, F = 10.51, P = 0.0177; Appendix S1: Fig. S4b ).
DISCUSSION
Although the impacts of climate change on ecosystems have been widely documented, great uncertainties exist and we lack a better understanding of the impacts of increasing weather variation under climate change (Thompson et al. 2013 , Garcia et al. 2014 . Our results show that the recovery and thus resilience of vegetation in a salt marsh were strongly affected by fluctuations in weather in the generally dry, spring season, which triggered aggregated grazing pressure on plants reestablishing in die-off areas. The impact of grazing was strongest in cool, wet days immediately following rain and was often insignificant in hot, dry periods. Furthermore, the cumulative impact of grazing across the generally dry, spring season was so critical that it quickly eliminated plant seedlings that could otherwise have become tolerant of grazing in the following summer (see Appendix S1: Fig. S5 for a conceptual model) . These results not only provide clear evidence that weather fluctuations can strongly modulate the top-down impact of consumers on vegetation recovery, a fundamental process underlying the fate of ecosystems after climate disturbance (Suding et al. 2004 , van Nes and Scheffer 2007 , He et al. 2017 ), but can also help explain paradoxes in current understanding of variation in top-down control with mean climate at seasonal and annual scales.
Our study, first, exemplifies how the impact of consumers on vegetation can vary with fluctuations in weather at fine timescales. Our finding that grazing by crabs more strongly suppresses plant survival in days immediately following rain than in dry periods is in broad agreement with past studies (Alberti et al. 2007 , He and Silliman 2016 showing that top-down control of plants by crab grazing is stronger in high-precipitation than in low-precipitation treatments or sites. The strength of grazing effect, however, also decreases with increasing temperature, likely because crab activity is reduced when heat stress increases (Bortolus et al. 2002 , Altieri et al. 2010 . We found an insignificant relationship between the strength of grazing effect and relative humidity, but relative humidity was generally high (50-80%) across the study period. Furthermore, grazing did not significantly affect plant survival when it was raining, likely because raining disturbed crab foraging activity. Rapid changes in grazing over short periods of different weather conditions are not surprising, as salt marsh crabs, as well as many other consumers, are known to be highly responsive to weather conditions (Bertness 1981 , Sanford 2002 . We encourage further tests of those mechanisms in experimental manipulations of weather variables when possible, and in this paper, we mainly aimed to use natural rain events to examine variation in grazing impact with weather in real-world settings.
Our study further illustrates how variation in topdown control with fine-timescale fluctuations in weather can help explain paradoxes in the current understanding of variation in top-down control with mean climate observed at broader timescales. Our work showed that crab grazing was so critical in the generally dry spring season that it eliminated plant survival and the potential for vegetation to recover in die-off areas, while its impact was much weaker in the wet summer season. Although it is known that the strength of top-down control varies with season in many ecosystems and can be especially strong in dry or spring seasons (Boyer et al. 2003 , Veblen 2008 ), our finding is in apparent contrast to studies suggesting that crab grazing is more intense in highprecipitation than in low-precipitation treatments or sites (Alberti et al. 2007 . This paradox can be explained by variation in grazing with fine-timescale weather fluctuations. Our study suggests that, while crab grazing was largely inactive in the generally dry spring season, intense grazing on cool wet days had a cumulative impact that eliminated the potential of plant reestablishment in vegetation die-off areas. It should be noted that the predominant impact of grazing in spring rather than in summer could have been influenced and exacerbated by other factors such as phenological differences. Indeed, the dry spring is a time when immature plant seedlings are often poor tolerators of herbivory (Strauss and Agrawal 1999) . In the following wet summer season, by contrast, although crab grazing continued, a significant number of plants can survive grazing, likely due to larger plant sizes (Appendix S1: Fig. S3a ) and higher tolerances to grazing.
Understanding variation in top-down control with fluctuations in weather can also provide insight into variation in top-down control among years of varying mean climate. Our previous multi-year study, for example, found the impact of crab grazing to be stronger in drought years than in normal years (He et al. 2017) , which is unexpected from the perspective that crab activities should be restricted by decreased precipitation (Alberti et al. 2007, He and Silliman 2016) . Our present findings suggest that a relatively few number of scattered rain events or wet days during the overall drought period could have allowed intense grazing to kill all droughtstressed vegetation that were particularly susceptible to grazing pressure once it occurred. Whether the impact of grazers on vegetation die-off during droughts in other ecosystems (Jactel et al. 2012 , He et al. 2017 is similarly modulated by fine-timescale fluctuations in weather still needs to be examined. In the case of snail grazing-driven salt marsh vegetation die-off in southeastern United States during the 1999-2001 drought (Silliman et al. 2005) , periwinkle snails were highly sensitive to thermal stress and desiccation. These stresses are often exacerbated during hot, dry days or periods of drought. It is thus likely that their intense grazing on drought-stressed plants may have mainly concentrated in cool, wet periods or flooded periods over the multi-year drought. These perspectives on the role of fine-timescale variation in top-down control, however, cannot be gained by comparing sites or treatments that constantly differ in mean climate or in a physical stressor (e.g., salinity) associated with climate.
Variation in top-down control with fluctuations in weather is likely common in many ecosystems. Our finding on weather modulation of the impact of grazing on salt marsh plants broadly agrees with previous studies on top-down control of prey by predators. Fluctuations in weather (e.g., storms, droughts, or temperature over short periods), for example, have been shown to dictate variation in the impacts of predation by large vertebrate consumers on nest survival (Bowen and Janzen 2005, Skagen and Adams 2012) , by ants and wasps in tropical forests (Touchon and Warkentin 2009) , and also in many pelagic systems (e.g., Psenner and Sommaruga 1992, Hoover et al. 2006 ). Whether fine-or broad-timescale variation in climate can better predict top-down control, as well as other ecological processes, may differ among species (Hallett et al. 2004, Touchon and Warkentin 2009) . Variation in top-down control with fine-timescale fluctuations in weather may be more remarkable when either one or both herbivores and plants (or predators and prey) are responsive to weather fluctuations.
In conclusion, our study reveals that fluctuations in weather can strongly affect the impact of consumers on vegetation recovery following a catastrophic die-off associated with drought and highlights the potential importance of such fine-timescale variation in top-down control with weather in driving ecosystem changes that emerge at larger seasonal and annual timescales. Our findings concur with the idea put forward by Hastings (2004) ; examination of short-term processes can be key to understanding long-term behavior in ecological systems. Intense consumption by consumers is a major driver of the loss of foundation species in many ecosystems (e.g., grasses, trees, and corals) in the face of drought and heat stresses associated with climate warming (Silliman et al. 2013 , He et al. 2017 . Given that climate change is projected to alter weather patterns, the impacts of weather fluctuations on top-down control should be incorporated into a better understanding of the impacts of climate change on ecosystems. Our work suggests that a multi-timescale perspective on top-down control that combines the impact of short-term fluctuations in weather and that of long-term variation in mean climate can not only help understand and predict ecosystem dynamics under an increasingly variable climate, but may also inform conservation strategies or recovery plans for ecosystems that are already lost to climate change.
